It was recognized from surveys in 30 fields around Sapporo city that soil pH values were neutral (6,5-7.5) and nitrate nitrogen was deficient (less than 50ppm) in fields where Aphanomyces root rot of spinach was severe.
nitrogen is often applied in spinach fields. Hashimoto6) reported that ammonium nitrogen (0.56g) applied to soil (4kg) rich in calcium reduced soil pH value by ca. 1.0due to these oxidations.
It proved accordingly that A. cochlioides was frequently detected from fields at deficient level of nitrate nitrogen (Fig. 3 , less than 50ppm) and at neutral level of soil pH.
Besides, the EC values which are correlated with the amount of nitrate nitrogen, were low in fields with deficient levels of nitrate nitrogen.
Effects of soil pH and nitrate on disease severity
To elucidate whether pH or nitrate nitrogen is a principal factor in the root rot severity, the effect of the nitrate application and decrease in pH on disease outbreak in the infested soil (A-field) was investigated.
As shown in Table 1 , severity was more remarkably decreased by nitrate application than by the decrease in pH.
Severity was most remarkably decreased at nitrogen level of 30mg/100g than in any other treatments (Table 1) . A similar phenomenon was recognized in inoculation tests.
In all inoculations, disease outbreak was remarkably reduced at more than ca. 200ppm of nitrate nitrogen in soil solution (Table 2) .
Symptoms produced by inoculations started to appear within ca. 10 and 30 days for zoospores and oospores, respectively.
As shown in Table 3 , the effect of soil pH on severity was most significant at a level of 5.5 in inoculations of zoospores (10 zoospores /g of soil) and mycelia, while a significant difference was not recognized in high inoculum potential (103 zoospores/g of soil). These results obtained from pot tests suggest Table 1 . Effect of nitrate application and soil acidification on Aphanomyces root rot severity of spinach in infested soila)
a) The soil from A-field. b) The calculated value: the applied nitrogen+the amount of nitrogen of check. Table 2 .
that nitrate nitrogen is more closely related to disease outbreak than soil pH, and severe outbreak occurs at deficient nitrate nitrogen levels. Walker and Musbach17) reported that nitrogen is more important in reducing pea root rot than phosphorus and potassium, which supports these results. It is also known that the use of various fertilizer to soil with low salt content reduces Aphanomyces root rot of peas3-5,12,16) and sugar beet10). However, it is unlikely in spinach fields that phosphorus and potassium deficiency is responsible for the increase in root rot, because excess accumulation of these elements from continuous cropping is a serious problem in spinach fields nowadays. Nitrate deficiency seems to be a principal cause of severe outbreak, because nitrate nitrogen is apt to become the most limiting of all minerals by leaching (sandy soil) or dilution (heavy clay soil), due to rainfall and excess watering.
Apparent growth inhibition was also observed in check (non-inoculation) at a nitrogen level of 0 (Table 2) . It is accordingly conceivable that decreasing in resistance caused by deficiency of nitrate nitrogen is responsible for severe disease outbreak. However, it may not be the only explanation, because disease outbreak was remarkably reduced at a nitrogen level of 800ppm in which growth inhibition based on excess injury was observed (Table 2) . Further research is needed to clarify the outbreak mechanisms from aspects of the pathogen behavior, antagonists and host susceptibility.
